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The Higgs boson is the only elementary particle predicted by the Standard Model (SM) that has 
neither been confirmed nor refuted. The CDF collaboration has performed SM Higgs searches 
in many channels using pp collisions at a centre-of-mass energy s/s = 1.96TeV. We present the 
latest combined Higgs boson search at CDF. Since the previous year's combination, the sensitivity 
is increased through the addition of new channels, the improvement of existing channels and the 
addition of new data samples. We also use the latest parton distribution functions and gg — > H 
theoretical cross sections when modelling the signal event yields. Using integrated luminosities 
of up to 8.2 fb _1 , we observe a good agreement between data and the background prediction. 
Since we do not see a Higgs boson excess, we set 95% CL upper limits on the Higgs boson cross 
section in the range between 100 and 200 GeV/c 2 , with 5 GeV/c 2 increments. The observed 
(expected) limits for a 1 15 and a 165 GeV/c 2 Higgs boson are 1.55 (1.49) and 0.75 (0.79) x SM, 
respectively. Since last year, the Higgs boson excluded range by CDF is extended to 156.5 - 173.7 
and 100- 104.5 GeV/c 2 . 
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1. Introduction 

The spontaneous symmetry breaking and the origin of mass for the charged fermions and the gauge 
bosons is explained in the Standard Model of elementary particles and their interactions (SM) by 
the Higgs mechanism. To test the validity of the mechanism, experimentalists need to test all its 
predictions. However, its sole testable prediction is the existence of a new elementary scalar parti- 
cle, the Higgs boson. Confirming or refuting experimentally the Higgs boson has been the major 
task of experimental particle physics since the 1970s. The Higgs mechanism predicts the Higgs 
boson to have a non-zero invariant mass of an a priori unknown value. For this reason one needs 
to search for the Higgs boson at all available mass values (m#). Since the production and decay 
probabilities change as a function of mass, there are several analyses possible. The CDF collabora- 
tion has performed all such analyses and has combined them for maximal sensitivity. Higgs boson 
direct searches at the LEP experiments have set a 95% CL lower limit of 114.4 GeV/c 2 [jl|] [§]. 
Indirect searches by precision electroweak fits have set a 185 GeV/c 2 upper limit. The remaining 
mass region is within the analysis capability of the CDF experiment using pp collision data at a 
centre-of-mass energy of y/s = 1.96TeV. Here we present the most recent CDF combination of 
direct searches in the range 100 < < 200GeV/c 2 . 

2. CDF Higgs Search Channels 

A total of 71 mutually exclusive final states are considered by the CDF, as explained in detail 
in [[| [§]. The main analyses employed are WH Ivbb, VH ^ft T bb, ZH l + Tbb, H 
77, VH — > jjbb, H — > W + W~, H — > H — >• ZZ — >• two searches for ttH production, 

and a search for the associated production of WH or ZH with a tau lepton. In order to increase 
the sensitivity of each analysis, multivariate techniques such as artificial neural networks, boosted 
decision trees and matrix elements are used to compute the final discriminant. For all channels 
we normalize the Higgs boson prediction to the most recent higher order cross section calculations 
available. 

3. Combination Procedure 

The CDF combination employs a Bayesian statistical method with flat priors. All analyses use 
the full shape of their final discriminant in order to extract the most information possible from the 
distributions and therefore employ bin-by-bin Poisson statistics. 

Two types of systematic uncertainties are used in the analyses. Rate systematics affect the over- 
all discriminant normalizations. Some rate systematics are correlated (uncorrelated) among the 
analyses, such as the ft-quark tagging, charged lepton and trigger efficiencies, integrated lumi- 
nosity, background and signal cross sections (fake object identification, data-driven background 
modelling). Shape systematics affect the bin-by-bin normalizations and therefore the overall dis- 
criminant shapes, such as the jet energy scale. 
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We compare the data and background plus signal expectation by adding together all analysis final 
discriminants after having rebinned them as a function of the signal-to-background ratio (s/b), as 
seen in Figure [T] for m# = 1 15GeV/c 2 (top left) and mg = 165GeV/c 2 (top right). In such a plot, a 
signal would appear like an excess in data in the high s/b bins. We also subtracted the background 
prediction from the data distribution and compared to the Higgs signal prediction, as seen in also 
Figure [ll also as a function of s/b, both for mu = 115 GeV / c 2 (bottom left) and m# = 165 GeV / c 
(bottom right). 
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Figure 1: Distribution of log\o(s/b) (top) and background subtracted data distribution overlaid with Higgs 
signal (bottom) summed for all analyses used as input in the CDF combination for a mu = 1 15GeV/c 2 (left) 
and mn = 165GeV/c 2 (right). 



4. Results 



Since no significant excess of data over background is seen in bins with high log\o{s/b), we con- 
clude there is no evidence for a Higgs boson signal. We therefore proceed to compute observed and 
expected 95% CL upper limits on the Higgs boson cross section divided by the Standard Model 
prediction in the range between 100 and 200 GeV/c 2 , with 5 GeV/c 2 increments, as seen in Fig- 
ure ^. 
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Figure 2: Expected and observed Higgs boson cross-section 95% upper limit as a function of the Higgs 
boson mass, between 100GeV/c 2 and 200GeV/c 2 , with 5 GeV/c 2 increments. The horizontal line at 1 
represents the SM prediction. The expected upper limits are represented by the dashed line. The yellow 
(green) band represents the 1 (2) standard deviation interval around the expected upper limit. The observed 
upper limits are represented by the solid line. 



5. Conclusions 



We have presented the most recent CDF direct Higgs boson search combination. Using integrated 
luminosities of up to 8.2 fb -1 , we observe a good agreement between data and the background 
prediction. Since we do not see a Higgs boson excess, we set 95% CL upper limits on the Higgs 
boson cross section in the range between 100 and 200 GeV/c 2 , with 5 GeV/c 2 increments. The 
observed (expected) limits for a 115 and a 165 GeV/c 2 Higgs boson are 1.55 (1.49) and 0.75 (0.79) 
x SM, respectively. Since last year, the Higgs boson excluded range by CDF is extended to 156.5 
- 173.7 and 100 - 104.5 GeV/c 2 . 

This work would not have been possible without the hard work of the Tevatron accelerator team 
and the CDF collaboration to produce and analyze the data. 
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